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RESUMEN 
Las observaciones de los cambios a gran escala en el océano son la clave para 
entender la variabilidad climática tanto a nivel global como regional. La Estación 
Europea de ~eries Temporales Oceánicas de Canarias (ESTOC) fue creada para 
complementar las estaciones oceánicas existentes en el borde este del Atlántico 
Norte. La estación se mantiene mediante la cooperación de cuatro instituciones: 
lnstitut für Meereskunde, Kiel (IFMK) y la Fachbereich Geowissenschaften, 
Universitat Bremen (UBG) en Alemania y en España el Instituto Español de 
Oceanografía (lEO) y el Instituto Canario de Ciencias Marinas (ICCM). Las 
observaciones comenzaron a realizarse en 1994. La estación está situada 
nominalmente a 29° IO'N, 15°30'W, a 100 km norte de las islas de Gran Canaria 
y Tenerife y tiene una profundidad de 3600 m. Se realizan observaciones 
mensuales de parámetros fisicos, químicos y biológicos usando un buque de 
investigación, se mantienen fondeos de correntímetros y de trampas de sedimento 
y se hacen estudios de procesos con buques oceanográficos en el área circundante 
al menos una vez al año. 
Éste es el primer informe anual de la observaciones en la ESTOC de una serie 
que será publicada en los "Informes Técnicos del ICCM". En el informe se 
realiza una descripción de las medidas estándar tomadas en la estación y se 
presentan también las observaciones realizadas durante el estudio de procesos en 
1994. 
ABSTRACT 
Observations of long-term changes in tbe ocean are a key to understanding 
regional and global climate variability. The European ~tation for Time-Series in 
tbe Ocean Canary Islands (ESTOC) was established to complement existing 
open-ocean stations in tbe eastem boundary regime of tbe North AtIantic. The 
starion is maintained in cooperarion by fOUT insriturions: lnsritut fur 
Meereskunde, Kiel (IFMK) and tbe Fachbereich Geowissenschaften, Universitat 
Bremen (UBG) in Germany and tbe Instituto Español de Oceanografía (lEO) and 
tbe Instituto Canario de Ciencias Marinas (ICCM) in Spain. Observations started 
in 1994. The nominal station position is at 29° IO'N, 15°30 'W, witb tbe site about 
100 km north of tbe islands of Gran Canaria and Tenerife at a deptb of 3600 m. 
Activities include monthly observations of physical, chemical and biological 
parameters with a research vessel, the maintenance of a current meter mooring 
and a particle trap mooring and process studies witb research ships in tbe 
surrounding area at least once per year. 
This is tbe frrst annual repon on tbe ESTOC observations in a series which will 
be published in tbe "lnformes Técnicos del ICCM". The report provides a 
description of tbe standard measurements at tbe station site and .Iso presents tbe 
observations made during tbe process study cmise in 1994. 
The ESTOC él clivilies are él joint efTort of fom institutions. ICC M (Telde. Gran 
Canaria. Spain ), lEO (Madrid. Sta.Cruz de Tenerife. Spain). IFMK (Kie!. 
Gennéll1 Y) éllld UBG (Bremen. Gennany). The contTihulors lo thi s Dala Rep0l1 
1994 are: 
- ICCM : M.J .RlIeda, R.Sanlana, EDelgado, J .Pérez-Marrero. C. Rodrigllez. 
A.C ianea. M.G. Villagareia. E. P<' rez-Martel!. M. D.Gelado-Caballero. 
J.ll ernandez-Brilo (UU'G(j, O. LLinás. 
- IF'MK: M.Knol!. J.Reppin. T.J .Müller, M. Busse. G.Siedl er 
- lEO: F.López- Laalzen. R.Molina. J.Escánez. C.García-RélTllOs. J.M.Rodriguez. 
A.Rodriguez de León . 
- U8G : S.Neuer. RDavenport. G.Fi seher. V. Rahneyer. A. Spied!. G.Wefer. 
G. Krallse (A/V/). 
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1. INTROD UCTION 
The time series station ESTOC (European Station for Time-series in Ihe 
Call31y I s la~ld s, Estac ión Europea de Series Temporales OceanicHs dc Callarias) 
stan ed ils operation in 1994. Since Ihis repon is lhe first in H sen es of allnual 
reports. somc background infomlalion will be providcd in Ih is imroduclIoll . 
BOlh lhe WOCE and JGO FS Seienee Plans ineluded requircmenls ror 
establi shing time series slations using research vessels. Two such stations existed. 
one al Bennllda and one al Hawaii. both in Ihe interior of the respective 
oceans.The Canary Islands region appeared lo be an appropri ate locati on for a 
lime series station in an caslem boundary currenl regime for several rcasons. 
The archipelago is silualed in the eastem pan of lhe Nonh Allantic 
slIbl ropica l b'yTe. and il is SlllTollllded by deep water. Several Spani sh marine 
science in slitulions ex isl on Ihe islands which were prepared to conlribule lo lhe 
opcraliolls. In addition. t\Vo Gell11an instilulions were \V illing lo gel involved : lhe 
Marine Phys ics Dcpal1l11cnt of Ihe Institut fUr Meereskunde al Ki el Uni versily 
which has a long record of phys ical oceanographic observations in Ihe 
subt ropica l easlem Nonh Allantic, and Ihe Geoscienccs Department o f Bremcn 
Uni versity with ils long-standing experiellce in Ihe research 0 11 partic le Ilux in Ihe 
ocean . The maín goals for Ihe ESTOC station work were specified as fo ll ows: 
• to investigale the long-tenn changes of stralificati on and c irculation on 
seasona l and inlerannllal time sca les in the southweslelll approaches to 
Europe. wi th Ihe alm o r extending the dala base which can be used for 
improving models or the eastCIlI boundary circulalion. 
• to invesligate lhe biogcochcmi ca l cycl es in Ihis region, with lhe <l illl lo bettcr 
understand lhe processes conn·olling the nux of carba ll and associated 
elemcnts in lhe ocean on seasonal and interannual lime scales. 
• lo provide a focus for ocean studies by European and other resean.: h groups in 
Ihe Canal)' Islands regíon, 
• to strenglhen the oceanagraphic research capabilities in the Canaly Islands 
regian and lo improve lhe scienl ific interaction between lhe local instituti ons 
and olher European ocean research institulions, pan icul arly in Spain and 
Gennany, 
• 10 use Ihe time series da la as a cOlll"ribution lo Ihe \Vorl d Ocean Circ ulation 
Ex pcrilllcnl (WOCE). "nd 
• lo use the time seri es data as a conlr ibuli on to the Joint Globa l Ocean Flux 
Sludy (JGOFS). 
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combining groups fl"om the ESTOC partner institutions, from the University of 
Las Palmas alld from other institutions in several countries. 
The funding fm lhe Gerrnan contribution to ESTOC is provided by ¡he 
Míníslry ofSeíenee and Teehnology (BMBF, Fkz. : 03FOI08D), Bonn, as pan of 
¡he Gellllan JGOFS programme. The Spanish institutions obtain ¡hell' funding 
from local and national govemment sources. 
The following report summarizes the observations and the data collected 
during the first year of station operations with the Spanish research vessel 
"Taliat1e", during the first process study cmise with lhe Gellnan research ves$eI 
" Poseidon", and with the ship of oppot1unity '"'Esperanza del Mar" for the XBT 
sectiolls . 
2, CRlIlSE SlIMMARIES ANO OEPLOYMENT INFORMATION 
2. t. H.egula r Station Observations 
2. t. t. Monthly Observations 
The position of lhe ESTOC station is shown in Figure 1. It is occupied 
regulady cach month for two days. The list of cruiscs during thi s initial year is 
presented in Table l. The measurements are calTied out by groups v¡lIying from 
crulse to cmise, with different people from the pm1icipating institution s (see 
Table 3). The journey fram Las Palmas to the ESTOC position lakes abou! 8 
hours. the depth of the station is 3600m and the work on statlon lasted 
approximately 9 hours during thi s first ycar. 
The present repon presents a summaly of the statioll activities during Ihe 
first year of operation . Stat1ing in February 1994, the statioll was occupied eleven 
times during 1994 llsing the BO "Taliarte" and once Ihe FS " Poseidon" (Table 1). 
During this first year the sampling was perfonned with Niskin bottles of 5 litres 
capacity fitted with calibrated reversing thennometers. Each bottle calTied three 
thennometers. and was mOllnted 011 stainless-steel hydrowire (Talim1e) 01" on a 






























FiJ:ure J. "1"p (JI /he eu. .. tern Sllhtropicol Allun/iet shf1wing the positiOll (Jj 
,lIe E \T(X: .fta/;on. 
TabJe J .• \'ummary 01 ESTOC c:rui. .. cs, 191J.J 
ESTOC Ship Depart ReturII 
0294 Taliarte 09.02. 94 10.02 .94 
0394 Taliarte 29.03.94 30.02 .94 
0494 Taliarte 27.04 .94 28.04 .94 
0594 Taliarte 27.05 .94 28 .05 .94 
0694 Taliarte 21.06.94 22 .06 .94 
0794 Taliarte 12.07.94 13.07 .94 
0894 Taliarte 30.08 .94 3 1. 08.94 
0994 Poseidon 25.09.94 08 .10.94 
1094 T aliarte 24 . 10.94 25 .10.94 
11 94 Tal ia rte 16. 11.94 17.11.94 
1294 TaliaT1e 15. 12.94 16.12.94 
0 195 Talial1e 25 .0 1. 95 26.0 1. 95 
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Table 2. lJasic parameter.'i of the E.\'TOC !;talio" mell.'iured in JIJIJ.J. 
ESTOC 
pammd..:rs 










chloro )h\"1I 11 
olhcr II 'mcnls 
Tuble 3. Per.wmllel il/volved ill lile mOllth(¡' ESH Je cruise.'i. 
ESTOC 2 3 4 5 6 7 8 9 
O. LLinás . 1. ICCM 
M.J. Rueda , 1. ICCM 
R. Molina, 1. lEO 
F. Lopez-Laatzen, 1. lEO 
.L 
• 
R. S"n1ana, PhO stud. ICCM 
••••• 
lE , PilO slud . ICCM 
e Rodriguez, PilO stud. LlVI 
< 
S Ramos, Tecil . ICCM <mi mm ,· ••••• ,. «, 
J. Betancor, Tech. ICCM 
< 
J. M. Rodríguez, Tech. lEO 
C. Garcia-Ramos, Tech. lEO • .. « 
J. Escánez, Tech. lEO 
e ¡¡aag. 1. IFMK 
B. Vanderbiest, Stud. ICC M 
O. Martinez, Slud. ICCM 
Poseidon C rui se ( see cruise report in Appendix D) 
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2.1.2. Moorings 
During the FS " Poseidoll" cmi se 202, a curren! meter mooTing (see fi gure 
in Appendix D) was deployed on 22.09. 1994 at 29" 10.09'N and 15"40.25'1'1 at 
a water depth of 3620m. The mooring was equipped with 7 Aanderaa currenl 
meters at 270, 500, 800, 1200, 1600, 2500, and 3500m depth . An upward look ing 
ADCP \Vas instaJl ed at 200m depth. 
The panic le trap mooring had already beeil deployed on FS "Meteor" 
crui se M20 on 25 . 11 . 199 1 and \Vas subscquently exchanged accord ing ( O Ihe 
schedule outlined in Table 4. The Illoorings calTied up to Ih ree parti cle ll"a pS. 
curren! metcrs and a paJ1icle camera. The instrul1lcnts and deployment depths are 
showll in Figure I in Ihe Appendi x B. 
Table .J. M oored /Hlrtide lraps al tite ESTOC sllllio,,: J)cpl"." (l1I(} c:o/lect;tm 
period.... No (/(1/(1 ore 11l'1Ii1ohle [ T(Jn! Ih e ) km trap oi el 3 heclltI .W! (~f /0.\· ... o/ 
,lre flotatirm h/loy. 
Mooring Trap depth (m) TOlal co lleel ion period Depl oymcnl 
1 km 3km Stan 
CII 1006 3084 25. 11.1 99 1 
C I 2 1036 3067 0 1.1 0. 1992 
e l 3 1026 3086 12.04. 1993 
CI 4 923 3070 09.06. 1994 
2.2. Related Process Studies 
2.2. t. uPoseidon" Cruise 202 
End (Days) 
25.09 . 1992 305 
09.04 . 1993 190 
07 .06. 1994 430 








Poscidon left Bremerhaven on 0 1.09. 1994 and arrived in Las Palmas 0 11 
08. 10. 1994. T he crui se was splil inlo 3 legs, wilh Ihe first two legs being mai nly 
dedicatcd to mooring work. During the third leg hydrographic observa li ons 
inc lllding biogeochemical sampling were perfonned aro llnd Ihe Canary Islands. 
In Ihe beginning of lhe fi rsl leg three sOllnd source Illoori ngs \\ere 
recoven:d 0 11 pos itions N2 (43 °02'N. l", oOI 'W), G (3Go42'N. 11°59'W) alld A 
lO5°2 1 'N. 12°49'1'1). 0 11 10.09. 1994 the 1Il00ring 346 (36°40'N. 15°49'1'1), 
equi pped \\ ¡Ih Iw() RAFOS fl oals fm test purposes. was recovered. " r oseidon" 
11 
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called pOli in Funchal. rvladeira, in the Illoming of 12.09. 1994 for Ihe cxchange 
01' Illooring equipmenl and the embarkation of scientiíic pcrsonnel . 
The. second leg slarted on lhe 15 .09. 1994. The JGOFS Illooring L 1 
(33 °09'N, 21 °59'\V) with sediment traps was recovered the next day, and the 
mool"lng 276-13 011 positioll KIEL276 (33 °00'N, 22°00'W) on the 
17.1 18.09.1994. Two doys laler mooring 364 (33° 19'N 24°52'W) was rel1ieved. 
The ESTOC position was reached on 22.09.1994 . The ESTOC cunenl meler 
mooring 367 (29° 11 'N, 15°40'W) was deployed al a waler deplh of 3600 m. As 
on most of lhe mooring positions a CTO casi was taken in lhe vicinity of Ihe 
mooring. On lhe 23 .09.1994 "Poseidon" called pot1 at Santa Cruz de Tenerife 
where Ihe seientific erew was exchanged . 
The third leg stat1ed on 25.09.1994 for station work aroulld the Canaly 
Islands. CTO casts were obtained on 63 stations (see cruise traek in Appendix C). 
The CTO was either equipped with an oxygen sensor (24 slations) or él 
fluoromcter ¡¡nd a lowered AOCP (39 stations). Both the ADCP and the 
fluorometer were only capable of a depth of 3000m. A surfacc-tethered particle 
trap was deployed 3 times (slations 769, 792, 815) c10se lo lhe ESTOC station. 
The trap was always drifting for 3 to 4 days before it was recovered, Dilutioll 
experiments were can·ied out on stations 771, 788, 815 , 796 alld 822 in 30m 
depth to delenninc phytoplanklon growth and grazing rates . 
Two XBT sections were carried out, a meridional one along 15°3. 0'v.,r 
with 10 XBT profiles and a zonal section along 29°7.0'N with 15 XBT pro files . 
Close to Ihe ESTOC station a Bongo nct was lowered once to a depth level of 
200m. On 07 . 10 . 1994 tite statioll work was finished, and FS "'Poseidon" called 
pOl1 at Las Palmas, Gran Canaria, on 08.10.1994 . 
The cruise track and Ihe slation lisl are al1ached as Appendix C. 
3. SAMPLlNG I'ROCEOURES ANO ANALYTICAL METIIOUS 
3,1. CTO 
3.1.1. Neil Ilrown CTI)-O, 
A Neil Brown CTD-02 insn-ument was lIsed dllring the FS " Poseidon" 
cruise 202. The CTO was either eqllipped with an oxygen sensor (24 stations) or 
a fluorometer and a lowered ADCP (39 stations), which bolh could only be used 
down lo a deplh of 3000m. AII CTD profiles reached Ihe bottom, lInless the 
profile depth is noted explicitly in the station list (Appendix O). 
On each stalioll water samples were obtained with a GO mllltisampler (21 
x 101) if possihle from the following 20 pressure levels: 2 x bOllom, 3000 dbar, 
2500 dbar. 2000 dhar, 1500 dbar. 1300 dbar, 1200 dbar, 1100 dbor. 1000 dbar, 
12 
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800 dba ... 600 dbar. 400 dbar. 200 dbar. 150 dbar. 100 dbar. 75 dbar. 50 dhar. 25 
dbar, 10 dbar and Ihe pressure level of maximutn chlorophyll conlen!. 
Afler the cruise Ihe CTD-OI lemperature, prcssure. conduclivily and 
oxygcll calibrations were checked. The tempcrature and pressure sensors showcd 
a stable 01' smoothly drifling behaviour. While slighl changes were found fol' 
conductivity which could be handled in Ihe calibration procedures. 11 0 satisfying 
cal ibration \Vas possible for dissolved oxygen . No specific calibration was carried 
out for flll oromeler data. 
For lhe calibration of lhe pressure and temperalllre sensors. Ihe reslllts of 
the pre-crui se and post-cruise sensor calibration were used. They were oblained 
in the IFMK laboratOlY in November 1993 and JanllalY 1995. It is ass llmed that 
Ihe tcmperalure sensor responds lo temperature changes only . The pressure 
sensor was calibrated for bOlh lhe static response lO changing pressure in loading 
and unloading mode at three different temperatures and for the dynami c response 
lo rasl lemperalure changes (MÜLLER ET AL .. 1994). 
For the calibration of the conductivity sensor Ihe salinity vallles of Ihe 
water samples were converled lo in-situ conductivities by using the associated 
caribraled lemperalure and pressure values. The verti cal scale for applying 
calibrali ons lo Ihe CTD-OI downcasls was smaller Ihan Ihe vertical response 
scale or Ihe CTD-O, probe 11l0unled below a 24 bOllle roselle or 0.5 dba ... 
To calculate calibration coefficient s for the oxygen sensor. the oxygen 
values fmm the waler sampl es and the low pass filt ered lemperature, sa linily and 
pressure va lues fmm Ihe erD downcast were lIsed (OWENS ANO 1\. lI LLARD. 
1985). POlenlial densily served as a reference leve !. Unfortunally, il was nol 
p05siblc In obtain a sa tisfying calibration beca use Ihe new type of sensor was nol 
cquipped wilh an inle1l1al temperature sensor, which 11Irned out lo be absolully 
neccessal)'. 
3.1.2. SIS aulOllomous e ro 
During this firsl year. a self-conlained eTD SIS fOI" a maximum depth of 
1000111 was purchased and then lIsed al the slation ; it was in operalion Ihree 
times. namely 011 ES roe 0394, 0494 and 0594; several calibratioll problems 
were encoulltered that made jt impossible lO use Ihe erD dllring Ihe remaining 
1l101llhs or 1994. 
3.2. AIKI' 
3.2.1. VcssClmOuTllcd AUCP 
DlIC lo prolJl ems wilh the inpul of the ship 's gyro infonnatioll and also 
wilh Ihe posilions delivered from Ihe scientific GPS receiver, no vesselmoullted 
ADCP data were obtaincd . 
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3.2.2. Lowered ADep 
lhe LADCr dala \VeTe processed fo llowing Ihe procedures of FISCIIER 
AND VISBECK ( 1993). Oue 10 problems with lhe G PS-data Ihe prolilcs could nol 
be con"ecled ror shipdrift. The profiles were thus referenced 10 tltt:ir mean to ge l 
SOllle relative profil es (see Figures DIO and 011 ). 
3.3. Iliscrete 'Vater Column Measurements 
3.3.1. CasI Order 
The casi order of Ihe monthly station work \Vas as follows: 
e.lst 1: 
deep samplíng 1: from 600 lo 3000 m, lakíng samples al Ihe 600. 800. 1000, 
11 00. 1200. 1300. 1500.2000,2500, 2800 and 3000m levels (depelldillg on Ihe 
available Icngth ofwirc 011 Ihe winch). 
Glsl 2: 
surface sampling 11 : from O lo 400m, taking samples al lhe O. 10.25. 50.75. 100. 
150. 200. 300 alld 400m levels . 
casI 3: 
chl oro phyll sampling 111 : duplicates from O lo 200m were taken lo have Ihe 
vo lumc of water necessaly lo obtain a s ignifican! fillered sample: lhe sampling 
was done al Ihe O. 10. 25, 50. 75, 100, 150 and 200m levels. 
For sampling ly pes 1 and 11 samples of oxygen, metals, sa linity and Ilulri enls werc 
laken. In lhe sampling of Iype III only chlomphyll was measured . 
3.3,2, Waler Sampling 
Samples were collccted immediately after the bottles were on board . The 
sampling sequence was as follows : 
1.) Oxygen (dllplicated al each level) was fi xed al once, thcn was kept for further 
analys is al the laborator)'. 
2.) Melal s (Sla l1ing wilh ESTOe 0994) : Melal samples were frozen al -20°C 
ins ide a plasti c container. 
3.) NlItricnts (triplicate sampling): Nutrient samples were fmzen imlTlcdiately al -
20°C, 
4.) Salinily (duplicate sampling): Salinity samples were kept in boxes lo protect 
Ihem fmm light. 
5.) Pigmcnts: rhe pigmcnt samples were filtered alld Ihe filtcrs \\'e re frozen 
s llbscqllently al -20°C. 
AII samples lVere laken using Ihe procedures eSlabli shed in Ihe WOCE 
Opcralions Manual. WHP Omce Repon WHPO 91-I /WOeE Repon NO.68/91. 
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3.3.3. Salinity 
The salioi ty samples were taken from 5 I Nisk in boul es at the depths 
establi shed in the station protocol. 
Samples werc rneasured with a salinometer, model Aut osal 8400a. whose 
measurement range was between 0.005-42 (psu), wilh ao accuracy of fO.003. 
according lo the manufac lurer. It was calibrated fo llowing Ihe manufac turerO s
illfo1111alio ll and slandalizing it with lAPSO Standard Seawaler. Salinily values 
were calcul atcd as pmcti cal salioity according lo Une seo ( 1978 . 1984 ). 
3.3.4. Dissolved Oxygen 
Thc waler samples used to analyse oxygen were galhered from Ihe Niskin 
bottles placed either 0 11 the rosseUe or 0 11 Ihe stainless steel hydrowire if single 
bottlcs were used. In both cases. the oxygen samples were Ihe firsl ones 10 be 
obtailled from Ihe sampling bottles, fo llowing lhe custol11 ary prolocol desc ribed 
in Ihe WOCE Operations Manual. BOO bottles were ll sed aod always duplicated. 
The salllples were fixed inmediately for subsequent analys is in Ihe laborato!)' . 
lhe chemical detenninalion of Ihe di ssolvcd oxygen carried out by ICCM 
up lo ESTOC 1294 \Vas based on the methodology proposed by WINKLER ( 1888) 
and 1Il0difíed by STRICKLAND AND PARSONS ( 1972) . Results are expressed as 
milliliters o f oxygen per liter of seít waler. The samples wcre collected in 
dupli cal e in 300 mi BOO Bottl es. and a 50 mi subsít lllpl e vo lume WítS remo\'ed 
for titTéllion. frolll ESTOC 1294 onwards. Ihe salllpl es werc analysed II s ing Ihe 
method descrihed in lhe WOCE Operations Manual. WIIP O ffi ce Repon No. 
68/9 1: bottles with 125 mi volume were used and Ihe fin al lilralion poinl was 
detecled lI si ng a rVlelrohm 665 Dosimat Oxygen AlIto-Tilralor Analyser. 
The oxygen delennination carried out by the Instituto Espafi o l de 
Oceanografía achieved for ESTOC 0494. 0694. 0794. 0894. 0994. 1094. 11 94 
and 0 195 used bottles of 125 mi volume and applied Ihe melhod described in Ihe 
WOCE O peralions Manual. WHP Offi ce Report No. 68/9 1. 
3.3.5. Nutrients 
NutrienlS were taken in tripl icale in polypropylene bottl es which were 
previolls ly eleaned and washed with HCI acid ami were complelely dl)l. 
according to Ihe in structi ons of the following manllals: WOCE Opcrations 
Manual. \\' 111' O ffi ce RepOl1 WI-IPI 9 1.1.. WOCE Repon No.68/9 1. Samples 
were ill1l1ledialely frozen at -20°C. analys ing them as SOOI1 as poss ibl e after 
alTival al Ihe lahoralOiy. Freezing lhe samples is a COll11l1on prac tice. It does not 
0 1' onl )' in a non-significant way affect the nilTate+nitrilc and Ihe phosphate 
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values (by a slighl de crease) and is nol notieeable in the silicale va lucs 
(KREMLlNG AND WENCK. 1986; MCDONALD AND MCLUNGH Ll N. 1981). 
The nuu·ient detennination were perfol1ned with a segmen led conlinuous-flow 
autoanalyser, a Skala r® San Plus System (I CC M) and ~ ehannels Teehni eon® 
AA 11 Auto Analyzer ( lEO). 
Nitrate+Nitrite: The aUlomated procedure for the detennination of nitrate and 
nitrite is based on Ihe cadmium reduction method; the sample is passed through él 
column containing granulated copper-cadrnium lO reduce Ihe nitrale to nitrite 
(WOOD ET AL .. 1967), using ammonium ehlOlide as pH eonlroller and eomplexer 
of the eadmium eations formed (STRICKLAND and PAR SON S, 1971). The oprimal 
co lul11l1 preparation conditions are deseribed by several authors (NYDA HL, 1976: 
GARSIDE, 1993). 
Phosphate: Orthophosphale con central ion is understood as Ihe conccntration of 
reac ti ve phosphate (RILEY AND SK IRPow. 1975) and aeeording to KOROLEFF 
( 1983a) is a synonym of "di ssolved inorganic phosphate". The automatcd 
procedure for the delenninatiol1 of phosphate is based 011 Ihe follo wing reaetion : 
amlllon ium molybdate 3nd potassium antimony tartrate react in an éll: idic medium 
wllh diluled so lution of phosphate lo f0I111 an antimony-phospho-molybdate 
eompl ex. Thi s comp lex is reduced lo an intensely blue-coloured complex, 
aseorbie aeid . The eomplex is measured al 880nm . The baslc melhodology for 
Ihi s anion detenninalion is given by MURPHY and RI LEY ( 1962): lhe used 
methodolob'Y is the one adaptcd by STRICKLAND AND PARSONS ( 1971). 
Silic~ltc: The delenninalion of the soluble silieon eompounds in natu ral wa ters is 
based on Ihe fonnalion of lhe ye llow coloured si licomolybdi e ae id : Ihe sample is 
acidified and mixed with an ammOlllum molybdalc solUliol1 fOlllling 
molybdosilicic acid. This aeid is reduced with ascorbi c acid lo a blue dye, whieh 
is measured al 81011m. Oxalic acid is added lo avoid phosphale interfc rencc. The 
used method is deseribed in KOROLEFF (1983 b). 
3.3.6. Aluminium 
Thi s parameter beca me pal1 of the regular sampling of Ihe ESTOC station 
from ESTOC 0994 onwards: Ihe inves tigalors responsible of taking these 
measurements are members of the Chcmi shy Department of Ihe ULPGC. The 
sampling is ealTied out from the Niskin bottles, being Ihe seeond samplcs taken in 
the collection order~ the samples are kept in polypropylen bottles previously 
c1eaned, washed with He l and dried, and wrapped in plaslie bags (each bottle 
indi vidually) lo avoid any eontael with olhcr ship materials. The samples are 
taken wilh gloves and each bottle is rinsed al leasl three times wilh water from 
Ihe respective level, belTlg subsequently frozen al -20°C to be tI"an sferred lo the 
laboralOlY, where they are analysed according to the method following 
I-IERNÁNDEZ-BRITO ET AL., ( 1994a). 
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The method is based on complexation of aluminum with 1.2-dihydroxyan-
thraqllinone-3-suplhonic acid (DASA) and measurement of the reduction cUlTenl 
Or thi s eomplex using high speed eathodie strippi ng voltametry (II SCSV). 
Salllpl es were prepared in Teflon cups of polarographic cel!. cOlllaining lO mi of 
wa ter. 2· 10"" M DASA and 0.01 M BES . The adso'l)tion potenti.1 (-0.9 
V/AglAgCI) was app lied lo the working electTode. while Ihe So llltion was slirred. 
Afle r 405 aCCllTllUlalion time. the stilTing was slopped and 5s \Vere allowed fm 
lhe so lUlioll to become quiescent. The scannillg \Vas star1cd al -0.9 V and 
tenninalcd at -1 .4 V. The scannjng is TIlade using slairease l11odulatioll wilh a 
sean rale of30 V/s and a pulse height of5 m V. The DASA-A I peak appears al ca. 
-1.25 V. A standard addition procedure is used lo qtlantify the aluTlliniulll 
concentratioll of lile sample. 
The elec trochel11ical system used has been designed lo measure the 
instantaneous curTenls at short times with a low l1 0ise level (1-IERNANDEZ-BR1TO 
ET AL.. 1994b). Thus, the analytical time required for each sal11ple is substanlia lly 
reduced . A PAR-303A elec troehemical ceH with hanging merelll)' drop eleCI1'ode 
(HMDE) \Vas cOllnected to a locally produced computer-controlled pOlenlioslat. 
The deteclioll limil was 1. 7 nM for 405 adsorplion lime . 1I \Vas calculated 
as 3 times the standard deviation of seven repealed dClcnninalions. The standard 
devialion \\as less Ihan 3% for a 19 11M Al concentralion. 
3.3.7. l)hytoJllanktoll pigments 
Pigments \Vere measurcd during 1994 lI sing speclrophololllelric analysis, 
rollowing the mcthodolob'Y described by I'ARSONS ET AL. ( 1984). and the 
detcnninali on \Vas achieved applying the J EFFREY AND II UM PHREY ( 1975) 
ec¡ualiolls. A speclTophotometer HP 8452 with cells of Icm lighl palh \Vas lI scd . 
Interc~I1ihration between GFF and GFe filters 
Salllples were filtered onto Whatman glass microfibre filters type GF/C. 
This kind 01' filter was used in order lo referenee the measurelllenls lo previous 
measure l11 cnls carried out with these filters. Once bOlh types of filters were 
calibrated al Ihe ESTOC station, \Ve were in the posilion to compare the 
rneasurelllenls taken at ESTO e with a \Vide CO llcclion of hislorical l1leasurements 
laken in the Canaries and Saharían Bank areas. The amOllnt of filtered waler was 
4 litres and Ihe fillers were frozen al -20°C. 
Slart ing in 1995. lhe pigments have beell Illeasured al ESTOC using 
nuorollleIT)'. perfonlling the calibralion with the spectrophololllctri c mcthod and 
taking duplicale samples. The calibratioTl results of the differcl1l methods \ViII be 
presentcd in the next ESTOC reporto 
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3.3.8. Dilution experiments 
Dilution experiments are based on growth rale detenninations 01' 
phytoplantkon in different dilutions of seawater over 24 h. Phytoplankton growth 
and microzooplankton grazing rates are detennined by regresslllg the growth 
rates in the different dilutions against the dilution factor. For details see LANDRY 
AND I-lASSETT (1982) and NEUER AND COWLES (1994). During FS "POSEIDON" 
cruise 202/lc, 5 dilution experiments were carried out in the ESTOC region with 
watcr taken in a depth of 30m and incubated 011 board the ship under a ncuh'al 
density screen to simulate the ambient light regime al depth. The seawater was 
prescreened through a IOOpm screen to exc\ude larger zooplankton. 
Allll11oniulllchloride was added in a final concentratioll of O.05pMol to 
compensate for nutTienl limilation effects in the higher dilutions. 
3.3.9. Calibrations 
The ICCM laboratory has maintained a programme of calibration and 
moniloring which is supposed lo ellSlIre a high quality of Ihe nutrienl 
detenninatioTl using an autoanaliser AII Technicon as well as a Skalar San Plus 
System. 
In addilion compansolls with extemal groups were perfonned. 80th 
laboratories (lCCM and IEO-Canary islands) ha ve joined the QUASIMEME 
Quality Assurance and LaboratOl)' Perfonnance Sludies (LPS) Progralllllles. 
The QUASIMEME LPS has the support of the I-Ielsinki Commission 
(I-lELCOM), the Oslo and Paris Commissions (OSPAR). the Mcditcrrancan 
Pollution Monitoring and Research Programme (MEDPOL), Ihe Arctic 
Monitoring and Assessmenl Programmc (AMAP), Ihe International Council for 
the Exploration of lhe Sea (ICES) and Ihe European Cooperation fOi" Accredited 
Laboratories (EAL). The LPSs follo\V the IUPAC/ISO/AOAC intemational 
protocol for laboratOl)' testing and are managed by Ihe Project Office al the 
Sconish Agriculture, Environment and Fisheries Department (SOAEFD), Marine 
Laboratory, Aberdeen. 
Intcrlaboratory c~lIibratjon 
In arder to ensure the appropriale quality of observation and analysis with 
two different groups (ICCM, lEO) being ¡nvolved in the monthly regular 
progralllllle al Ihe ESTOr stalioll a comparison and intercalibration of procedures 
and analytical methods was stal1ed during 1994. 
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• Oxygen 
Samples were laken by both gro ups on fi ve cru ises. corresponding lo 82 
samples whose results are shown in Table 5 . 
• Phosphates 
T he intercalibralion was done on eight crui ses. providing a total o f 140 
samples. previously frozen al _20°C: Ihe results are shown in Table 5. 
• Nitrates and Nitrites 
T he inlercalibralion was made 0 11 s ix cruises. providing 111 sarnplcs 
a ltogelher. frozen at -20°C ; Ihe result s also showll in Table 5 . 
'/'(lhle 5. R e!ill l,!. from ,he ;nferca/ihrat;on hehl'eel/ l EO antIICC.:M . ReKre"'!ii;On model. 
(l EO mllle) -:='(l (ICCM mIl/e!.) + h: r = c:orrelcu;,m c:oef idellf: ro' = delerm;"lIlü", coeffi ciclIl. 
Ilumber of I - r a b 
Pa rameters samples 
. oxygen 82 0.9 14 0.956 1. 013 0.05 3 
phosph"Ie 140 0.958 0.979 0.970 0.002 
Ilitrate+nitrite 111 0.969 0.984 0.942 0.565 
3.4. Moorings 
3.4. 1. Sclfcontaincd A DC!' 
T he c urren! meter l11 00rillg \Vas recovered III 1995 3nd Ihe rcsult s will 
appear in Ihe 1995 ESTOe dala report o 
3A.2. Aanderaa C urrent Meters 
The cun'ent meter mooring was recovered 111 1995 and the result s \V iiI 
appear in Ihe 1995 ESTOe dala rep0l1. 
3.4.3. Particlc Traps 
Par1icle flux was detennined al the ESTOC Slatioll using 20 cup part icle 
traps of Ihe Ki el Iype (AQUATEe. sampling area 0.5 m' ) in four lIIooring 
depl oymenls wilh varying lenglh and sampling inlervals (e l 1-4. Tabl e 1). The 
sampling CtlpS o f Ihe particle traps weTe po isoned prio r and aft er dep loYlllent 
wilh mercury chl oride in a 40 psu densily grad ient (S lI prapur aCI). The fractioll 
..... ¡mili was not flll1her analysed and llIain ly conlained pteropod sheJl s. 
¡nsignifi cant am0l111t s of amorpholl s aggregates and occasiollal1y fi sh resls. 
Sampl es \\'e re omiHcd if during sample preparatioll fí sh remains were detected. 
The size- li·"clio n < 1 111m \Vas analysed aecord ing lO FISCII ER AN D WEFER ( 199 1). 
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Briefl y_ the freeze-dried samples \Vere weighed to detennine total flu :\; carbonate 
and organi c carbon were detennined from non-acidified i1lld acidifi~d samples 
analysed in a CHN-analyser (HEREAUS) and biogenic opal was delconilled by 
Ihe al/IOmaled wel -Ieaching method (MULLER AND SCIINEIDER, 1993). lhe 
lilhogenic fracti on was caJculated as: Lilh = Total flu x - (opal flu x I carbonate 
flu x + 2 Corg flu x). Samples were nOI corrected for dissolutioll loss, which ror 
biogenic opal was estimated previously 10 amount to 1-7~o 011 a ll annllal basis 
(F1SCHER ET AL., 1 996a). However, as dissolllrion processes occur rapidly wilhi!\ 
Ihe Cl/pS they will affeel all samples equally (FISCHER ET AL. , 1996a). 
3A.4. Influx C urrent Meters 
Influx currenl meters were supplied by G. Krallse (AW L Bremerhaven) 
and were cquipped with an Aanderaa rotor and pressure. tcmpcralurc and 
conducti vily sensors. In addition, these inStTumenlS can)' oplical sensors lo 
delelllline chlorophyll flllorescence (fllloromeler), turbidity (backscancling) and 
GelbstofT (fluororneter). The sarnpling interval of the oplical sensors is I h wilh 
10 burst inlervals averagcd cach lasting I s. 
3.4.5. I'article Camera 
For direcI oplical measuremcnt of abundance, concentrat ion and Slze 
distTibution of marine parlicl es, a high-reso luli on camera systclIl (ParCa) was 
designed. Imaging a sample volume of up lo 37 1, SlIIall eSI pal1icles with 
diameters of 50 pm can be counted. The images provide infonn31ion on pal1ic1e 
size. shape ,lIld abllndance ei lhcr during pro filing throllgh Ihe waler column or 
whi le moored in a cel1ain depth over limc. The camera system was d¡,;ploycd in 
Ihe e l mooring dllring 1Il0oring inlerva l CI4 (see Appendi x B: RATMEYER AN D 
WEFER, 1996). 
3.5. Drifting Particlc Collector 
The drifting pal1icle trap consisled of four l . 10m long cylinders insel1ed 
inlo a metal framc . 0 11 10p of all four cylinders a ca. 20cll1 long bame was fixed 
lo minimize lurbulencc al the cylindcr moulh . The surface !Juoy caJTied an 
ARGOS transmittcr, a radio transmitter and a xenon nash. The Irap was 
POsiliolled al 160m depth and a11 Aanderaa cunent meter was placee! 10111 below 
Ihe n·ap (Figure 2 in Appcndi x B). Parlicles were collecled wilh 250ml samplc 
boules screwed il1lo Ihe collection fllnnels below Ihe cylinders. The sample 
bottles were fill cd wilh a density gradient solution made up wilh Suprapur NaCI 
¡.¡nd fonnalin (fi nal concentration 2 %). The dcploymcnt time rangcd fmm three 
lo four days. 
Befare anal ys is of lhe samples in the laboratOl)', zooplankton swimmers 
thal had entered the trap actively were removed using a binocular. The samplcs 
were Ihen dried and analysed in a CHN analyscr with and without dccalcification 
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wilh a few drops of I N HCL. The carbon conlenl of lhe decalcified and lhe 
untrealed samples were used to calcll late carbonate and organic carbon va lues. 
and organic matter was obtained by doubling Ihe organic carbon content. Opal 
and lithogeni c maller was calclllaled by subtracting carbonate and organi c maller 
flOmlhe 10lal weighl oflhe sample (FtSCHER AND WEFER. 1991 ) 
3.6. Remote Sensing 
The images were pmcessed al the ICCM . 
The satellite images enclosed result fmm Ihe A VHRR-2 sensor thal is 
11101l1lled 0 1\ Ihe sa tellites ofth e NOAA series (SCHWALB. 1978). This sensor has 
five spectral bands centered at 0.63, 0.91, 3.74. 10 .8 and 1 2 . 0~1I11 and gathers the 
inadiance (energy per surface unir per spherical angle unil in the direction of the 
observalion). These platfonns orbit at an approximate heighl of 850km aboye the 
eanh surface (orbit pen od of 101 minutes) in a heliosynchronic rnode. The 
diul1lal pass through our study area is be tween 14 .00 and 16.00 hours local time. 
The instanlaneolls vision fi eld of 1.3 mradians is eq ui valent to 1. 1 km per pixel in 
the nadir. cOlTesponding to a total width of 53°. equi va lent lo 2750km : from these 
images, Ihe part con esponding to Ihe stlldy window limiled by 30oN. 200 W and 
200 N lOOW is selected, always removing the sUllglinl pOl1ion Ihat occurs during 
Ihese passes in the western part of the images. 
Acquisition and Processing: Images are used from the AVHRR sensor 
which are coincident in time with the oceanographic cruises (previous and 
following week) in the image catalogues (qu icklooks) provided by the traeking 
and receiving stalion of Maspalolllas in Gran Canaria 0 1' in Ihe global coverage 
files (GAC) of the NOAA in Washington. Only th ose images that have ti cloud 
coverage heJow 10% are selected: when necessaJ)'. the images were also oblaincd 
flOm ESA in geophys ical pararnelers fOllllal SHARP 2A (ARIND ET AL .. 1994). 
Usi ng a set of routines written al ICCM, data are deduecd from Ihe 
brighlness vallles (refl ectivity in channels I and 2. brightness tcmperalUres in 
channels 3. 4 and 5) and eorrected aceording to the response factor of each 
delector (LAURITSON ET AL.. 1979). A cl oud removal algorithm is lIsed lo 
ca1clllalc the sea surface temperature. based in re neclivity threshold s and in 
channel intercomparison (MCCLAIN ET AL .. 1985) . The sea surface temperalure is 
obtained using Ihe algorithm (split window) for mean latitudes of CASTAGNE ET 
AL (1986). rnodified lO accounl for lhe solar elevation effeel by MAY ET AL. 
( 1992) 
To achieve a final representation in a Lambert confonnal conie projecl ion. 
a combined Illodel of orb ital paramelers and ground contro l poinls is applied . 
First. lhe pass slant is corrected lI sing a linear l110del followed by a bilincar 
intcrpolalion based on nine contTol points. The RtvlS error of Ihe obtailled 
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projeclion is a lways lower than one pixel. The radiometTic sensibdlly i5 assumed 
to be O.5°C and Ihe spalial resolulion is approximately 1. 1 km per pl\.c l. 
3.7. XBT 
• The ¡CCM had a long-tenn cooperati oll for more Iha ll 10 ycars \V ith the 
" Instituto Social de la Marina", laking advantage of Ihe aClivily of the 8 / 11 
"Esperanza del rvlar" (hospi tal ship) rendering regular sUppOI1 10 Ihe Spani sh 
fi shing fl eel w hich operates in the area off Northwest Africa. Slal1ing in 1994, 
thi s act ivity has become part of ESTOC. Several areas ha ve bee ll sam pled 
with Sippican XBT7 pro bes, of which two sections are showll in Appendix A. 
Pigure l . Sections .... 'ere made lo the Ilorth and south of Ihe CallaJ)' Islands. 
The data were laken in April-May 1994 . 
• In addition 10 Ihe usual s3mpling perfonned on Ihe B/H "Esperanza de l Mar'°. 
a section is now made al each journey from Gran Canaria 10 lile ESTOr 
Slali ol1 : data fmm that sectioll wi ll be analysed and presenlcd in Ihe nexl 
ESTOC reports. 
• During Ihe FS " Poseidon" cmise 202, two XBT seclions wcre carried out. a 
meridional one along 15° 3.0' W wilJ¡ 19 prafiles and a zonal olle along 29° 
7. 0· N wi th 15 profiles. Sinee T5 probes \Vere used. the XBT profiles \Vere 
reaching a deplh level of 1800 111 . No fUl1h er lemperature 01' depth coneelions 
were e3rried out. 
~. RESULTS 
-lo l. Regular Station Observations 
The observalions fram Ihe firsl year illdicate thal Ihe changcs of praperty 
distributio l1 s al Ihe ESTOC site represen l processes relaled 10 Ihe gyre n ow, lo 
mesoseale eddies and mcddies (Mediterranean Water lenses), and lo episodie 
athmosphere-ocean nuxes and biogeoehemical variation in Ihe water column . A 
strong seasonal variability is found . 
4.1.1. Monthly Observations 
The vertica l distTibutlons of Ihe observed paramclers are showll in 
Appendix A. The originally planned cmi se for Janualy 1994 could not be calTied 
oul beca use of pOOl' weather eondit iolls; there fore, a complete annlla l eycle is 
aehieved by adding the dala fmm Jannal)' 1995. 
The Illonlhly observations ind icale Ihe seasonal cyc le which is we ll 
represented and has vallles within the range obtained in earJi er Si lidies near Ihe 
Canaly Islands (DE L EÓN AND BRAUN, 1973). and in the historieal vallles 
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described ror the area in the various publications (LEVtTUS. 1984 and 1986: 
KAMYKOIYSKI AND ZENTARA. 1986 and 1991 : FUKUMORI ET AL.. 1991 : LEVITUS 
ET AL.. 1993). 
It is expected thal lhe observed variability of tite l'vledilerranean Waler 
(MW) and Ihe Antarctic Intennediate Water (AIW) can partl)' be explaincd as a 
consequence of changes al Ihe larger scale. bul Ihis will req uire IOllg-ICllll 
observations. 
The influence of the coastal upwelling did not secm lo produce a variatioll 
in Ihe characleristics of surface waters al lhe statioll. The properties con'cspond 10 
waters orType 1 (LUNÁS ET AL., 1990; VAN CAMP ET AL .. 199 1: LLlNÁS ET AL.. 
1994). The station will be used to pursue calibratioll studi es ami lo validale 
senSOi"S and satellile imagel)' algorilhms, despite Ihe exislence of a cOllsidarable 
cJoud caverage. 
The alultliniUlll disnibutiolls in Ihe sUlface walcrs of Ihe Easlclll Ccntral 
At lalllic \\alers have a patticularly greal potential for idcmifying physical alld 
biogeochcllIical processes. Concentratlons var)' widely from a few 11M (fvlEASURES. 
1995) in upwelling eutrophic waters lo more than 40n[\1 in oceanic sUlface 
oligolrophic walers (II YDES. 1983). Waler masses likc lhe NOl1h Atlantic Central 
Water (NJ\CW). the South Atlantic Central Water (SACW). the MeditelTancan 
Waters (M\V) 01" the Antarctic Intennediale Waler (A IW) also show spccific 
aluminiulIl concentrations. Besides, ahuniniwn can indicate lhe transpon or 
resuspension of sedimenls in lhe near-bottolll layer (MORAN AND MaDRE. 1991) or 
dusl inputs in Ihe shallow walers (MEARING AND DUCE. 1987). The ESTO(' stalion 
is a well suited locatioll lo establish the link between Ihese processes alld Ihe 
alulllinium dislribution in lhe water column. 
4.1.2. Munrings 
4.1.2.1. lurrcllt Meter Mooring 
The current meter mooring \Vas lanched 011 22,09. 1994 and has been 
recovered in 1995. The results \ViII be presenled in the 1995 ESTOC dala rep0l1 . 
4.1.2.2. Sedimen! Trap Mooring 
(' lIrrcm s{Jced'i 
Curren l meter data (RCM8. AANDERAA and INrLLlX CUIlTn l Illclers. 
KRAUSE ,\ ND OIlM. unpubl. manuscript) from depths 20m belo\\' Ihe scdiment 
traps are ílvailable fOI" CI 1-4 (upper traps) as well as fOi" CIJ and CI4 (I11wcr 
traps). Al deplhs around IOOOIll. velocilies ranged f1'ol11 I lo Il cm S-l. w1th 
directiolls valying between 10° and 170°. Slighlly higher velociti es were 
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recorded for lhe lower depths , wilh maxima of 15cm 5,1 in NovcmlJcr 1993 and 
oscillalillg direcliolls from NNE lO SSW. 
E¡nwdlc p ux el'e11l.\' 
Short-tenn (few hours lo few days) peak s of pigment flu orcsl:cnce and 
backscattering were observed with the INFLUX ClllTent meter in lah: winter 10 
eady spring 1993 in 900m depth . These peaks coincided with the late winter lo 
carly sprÍng particle flux maximum recorded with the traps (F1SCllER ET AL. 
I 996b). 
l-'aJ'lf(:le cO}lCentrallol1sjrom pal'lIc1e camera 
In order 10 compare high-resolutioTl data on particle concentration and flux 
thraugh time. ParCa was also deployed 011 a sediment-trap TIlooring al 995 111 
depth in the Canaria n Basin between June and Setember 1994. First rcsults shO\,>' 
s imilar h'ends in sediment-trap derived fluxes of particulate malle!' fram 2.8 10 
67 .2 mg m'2 d, l and equivalent spherical volumes ofparticles with diamclcrs>O.5 
111m from 0.98 lo 4 . 13 mm3 r l. 
,)'ea.wJl1all~V o/Jeep-sea parlie/ej/ux 
As a complete record of particle flux during the T1l ooring period is 
available only from Ihe traps located at 3km depth . We will first present thcse 
rcsults: late!' on we \ViII compare these flux data with Ihose obtaincd al 1 km 
deplh . 
Partic1e flux al 3km depth was highly seasonal , witb the large~t amollnl of 
particles collected at lhe end of FcbrualY and beginning of March (Figure 2). In 
comparison with Ihe czes data record. flux peaks gcnerally laggcd <tlJout one lo 
two Illonlh s arter Ihe onset of high phytoplanklOn bi omass obscrvr..:d In surfacc 
waters. Total flux in lale winter ranged fram 118 mg m,2 d,l lo a maxillllllll of 188 
mg m'2 d,l (Figure 23). During winter 1993, Ihree di stinct flux maxima were 
mcasured, one already in Janual)' . During lhe remaining 11l0nths, par1icle flux 
was highly variable with occasional peak s in late spring. sumiller and falL lhe 
flux es remained, however, below lhe high values recorded during late winter and 
rangcd between 49 mg 111,2 d" and a maximum of 88 I11g m·2 d" CA ugust 1994. 
Figure 2a). The sedimentation of organic carbon, carbonate, biogenic opal and 
lithogenic material followed the total particulate flu x pattem (Figure 2b, c, d. e) . 
These biogenic and lithogenic flu x components peaked during the late winter as 
well as during sumlller-fal! sedimentalion maxima. 
(·ompal'f.wm (~/particle .flux al JijJcrent Jepths 
Peak flu xes of total pal1iculate matter detennined at Ikm deplh (Figure 3) 
were for the most part coincident with those found at 3km depth (Figure 2), albeit 
lower in magnitudc. Wllile the late winter sedimenlation evcnt in 1993 amounted 
10 about 70 % of the flux detennincd with the deep trap , lhe maximum flux in 
spring of 1992 reached only about one fourth of the flu x recordcd in 3km depth 
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during the same interval. Most sampling interval s with peak nllxes coillcided in 
time. A lime lag between lIpper and lower traps could. Itowevcr. be observed ro l' 
tit e fo llowing peaks: ( 1) in the sumiller of 1992 (b and b' in Figures 2 and 3. lime-
lag abolll one 111 011 lh). (2) in the spring of 1993 (a and a'. time- lag about 10 days) 
and (3) in Ihe SUIIllller of 1994 (h and b'. lime-lag abo llt o lle 11101l1h ) (NElIER ET 
AL .• in prcss). 
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4.2. Related Region:11 Studies 
4.2.1. "I'oscidon" Cruise 202 
~.2.1.1. crn Station Work 
Below the surface layer, \Vhich was abollt 40m deep. pure North Atlantic 
Central Water (NACW) was observed on all CTD stalions in a dcpth range 
betwecn 100m and 700m (fig. D2-D9). The NACW is characteri zed bv a fixed 
tempcraturc/salinily relalionship. Al a deplh level of abollt 800m. we fOUlld 
Antartic Intennediale Water (AAIW), which enlers Ihe arca from the sOllth and is 
characleri zed by a salinity minimum . The 10\Vesl sa linity values were obselved at 
Ihe eastem CTD slalions belween Ihe Canary Islands and Ihe African coast. In 
Ihi s area. Ihe AAIW reached a depth level of more than 1100 m. Thc highest 
sa linily values of Ihe AA IW were observed al Ihe wCStCIll CTD slalioll s nOl1h of 
lhe Canal)' Islands. The Mediten·anean Waler (MW). which entcrs Ihe arca fmm 
lhe 1I011h. is characterized by a high Icmpcrature and salinily. The rvlW signal 
was much slTonger l10rth oflhc Canar)' Islands than in the south . Espec iall y allhe 
slalions south and casI of Gran Canaria the influence of MW was hardly seen. 
The M\V was observed in a depth level of about 1200 111 , bul al Ihe CTD stations 
belween Ihe Canaly Islands and the African coast Ihe M\\I \Vas found al the 
bottom in aboul 1400-1500 m. Within the upper 1000 m Ihe isotherms and 
isohalines were oriented from the northeasl lo the southwesl with clecreasing 
tcmperatures and salinitics towards Ihe African coast. 
A .. Meddy" (Meditenane.n Eddy) was observed at 29°08' N. 15°00' W 
(slalions 792 and 830) in a depth range between 900 m and 1500 m wilh 
lemperatures and salinities of more than 1 loe and 36.3 psu, respeclive ly. The 
rVleddy "'étS shapcd like a disk wilh a diameler of aboul 35 km . Since a f\ leddy 
had been observed in August 1994 at the ESTOC statioll . which is abollt 20 11m 




Some CTO stations just north of Gran Canaria showed cold and fre sh 
waler intrusions of AA. IW within lhe wann and salty r\'1\V. The AA IW movcs 
nOl1hward and probably eros ses the si ll at Ihe bottol1l betwecn Gran Canaria and 
F ucrlcvcntura. 
Ues llltsJi'OIl1 I.AIJCP 
The veJocities of Ihe LADCP measurements were refercnced lO Ihe mean value of 
each profiJe due lo problcms \Vith the scientific GPS rece iver. The shear profiles 
are shown in Figure DI O-D 11 in Appendix D. 
UeslI/ls./i·om di/lIlion experimenls 
Significan! results were obtained from the stations 788, 815 and 822 . The specific 
growth rate of the phytoplankton 011 slation 788 and 815 \Vas smaller than Qne 
doubling per day (0.69 dO'). 
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Figure 4. P"yloplullktoll groll't" alld microzoopltmkroll grtlzj,,¡.: mies determilled lI'itlt tite 
di/mio" cxperime,,1S mI "Po.<ieidml" 202. 
On stalion 822, Ihe growth rate was even lower with only half a doubling per 
day. With Ihe exception of station 815, Illicrozooplanklon grazing rates were 
smaller Ihan phytoplanklon growth rales. 
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.. t2 .. 1.2 .. lInderw3Y Measurements 
• Due lo problems wilh the inpUI of Ihe ships gyro infonnation and wilh Ihe 
positiolls delivered from Ihe scientific GPS receiver. no vesselmoull lcd ADCP 
data were obtained. 
• As explained before a Meddy was observed al the CT D slali on 791 in a dcpth 
mnge belween 900 m and 1500 m with temperatures and salinit ies of more 
Ihan 11 °C and 36.3 psu. respectively. To survey 'thi s meddy ! \VO XBT seclions 
were carried out. a meridional one aJong 15°3.0'W wilh 19 XBT prefiJes and a 
zonal one along 29°7.0'N with 15 XBT profiles. Sillce T5 probes \\' ere used. 
Ihe XBT prefijes were reaching a deplh level of 1800 m. 
4.2.1.3. Orifting Partide Colleetor, 
During Ihe 3 deployment periods on " Poseidon" cruise 201/1c. Ihe traps drifted to 
the nonhwest fOI" 6 lo 15 nautica l miles. in addilion 10 moving in inerlial circlcs 
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FllIxes varied by a factor of 2-3 and the contTiblltion of carbonate lo 10lal Oux 
<1150 changed. 
~.2.2. xlrr Seeti,,"s 
Taki ng ad vantage of Ihe cruises of the hospilal ship "Esperanza del Mar" whi ch 
provides lIled ical and logisli c SUpp0l1 lo the Spanish fi shing Oeet off Afri ca. Iwo 
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XBr -7 sections were performed during lhe Spring of 1994 (Figure A 1 in 
Appendix A). rhe first led from Gran Canaria towards Ihe soulh along lhe 
l SO I5 'W meridian, and lhe second wcnl from the north of Lanzarole IOwards lhe 
African C04,lst in an approximately northeastcm direction (rigurcs A~ and AJ 111 
Appendix Al . 
.. 1.2.3. Remote Scnsing 
r he salellite ooservations of selected surface oeean propel1ies provi(h: a synoptic 
vie\\' oC lhe oeean, 
Such observati ons help lo identi fy specific feafures in the ncighbourhood 
of ESTOC. The shipboard observations of parameters which can also be 
measured from a satellite can also be lI sed ror calibratillg Ihe salellile sensor an 10 
val idate lhe rcomote sensing data. The observational progral11 al lhe ESTOC 
sial ion had been designed lo also allo\\l this comparison. Unfortunate ly Ihe new 
SeaWI FS satellite was delayed. 
In Image 1. four scenes of a sllrface lemperature dislribution Iy pi cal for 
Ihe arca can be sccn, including a charaClerislic cloud ca ver of Ihe area of Ihe 
ESTOC slatio ll . Imagc 2 shows the scenes cOlTesponding lO Ihe pcriod 27 and 
28.04 . 1994 when a high-inlensily Saharan dust intrusioll was observed 
(28.04. 1994) in comparison lo Ihe image of Ihe previolls day. This gives an 
impress ion of Ihe speed al which the event is generaled. The sa lllc image (bouom 
scene) shows a Ihree-days mean where lhe persistence of Ihe cloud distributions 
and Ihe characteri slic surface lemperal ure slTlIclures. both al Ihe Afri can coast 
and near Ihe Canaly Islands. can be recognized. 
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Image 1: A VHRR Multichannel Sea Surface Temperature lmages for the study area in 
the referenced days. The color scale was chosen to show variations of 0.2 oC. 
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lmage 2: Top colour composite of A VHRR channels 1,2 and 4 for the referenced days 
showing the fast development of a large saharan dust plume 00 April 28 1994, large 
al~edos up to 30% ocurr at the centre of the plumeo 
Bottom: Low frequency A VHRR SST obtained by averagin three consecutive 
noon passes oC NOAA-l1 in May 1994. 
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8. Data availability and distribution 
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9. APPENDlCES 
A. Monthly Observations report 
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8. Mooring and Drifting Particle Collector Design 
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Poseidon 202/1 e Station List 
STATlON ' llA1'E ' TIME } ' · l'OSITlON . DEPTH', INSTR\JMENTS 

























































































































deploy sedimen! ttap 
CTD/Rosette 





CTD/Rosette/ A DCI' 
CT D/Rosette/ A DC l' 
CTDlRosette/ ADC P 
CTD/Rosette/ ADCP 
CTD/Rosette/ ADCP 
CTD/Rosette/ ADC' P 
CTD/Rosette/ ADCP 
CTD/ Rosette/ ADC P 
CTD/Rosette/ ADC P 
CTD/Rosette/ ADCP 
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STATlON 
.. ~-~",,,.,.,,.,.,, ........ ",,, 
TIME POSlTlON DEPTu l lNSTRUMENTS 
\:' 
, g>J~r1í~ :\.J!'Wl~ . . JniJ , ~.: 
""'''''' 
785 28.09. 11 :15 28°48.6' 13°40.5' 985 CTD/Roselle/ ADC P 
786 28.09. 13 :45 28°50.9' 13°52.1 ' 78 CTD/Rosette/ADCP 
787 28 .09. 15:00 28°51.9 ' 13°56.5' 1250 CTD/Rosette/ADC P 
788 28 .09. 18:25 28°55.0' 14° 13 .0' 2803 Rosette (30 m) 
19:08 28°55.0' 14° 13 .0 ' 2803 CTD/Rosette/ADC P 
789 28 .09. 23:00 28°58.5' 14°28.8' 3 162 CTD/Roselle/ADC P 
(3000 m) 
790 29.09. 3:45 29°01.3' 14°45 .9' 352 1 CTD/Rose t1 e/ADC P 
(3000 111) 
791 29.09. 10:35 29°3 1.4 ' W51.9' 35 17 recover sediment trap 
11: 1 O 29°32.1 ' 14°53. 1' 35 15 CTD/Rosette/ADCP 
(200 111 ) 
792 29.09. 14:40 29°03 .9' 15°02.9' 3569 CTD/Rosetle/ADCP 
18: 15 29°04.1 ' 15°02.8 ' 3569 (3000 111) 
deploy sediment trap 
XBTO I 29.09. 19: 10 28 °58.9 ' 15°03.4' 3577 XBT 
XBT02 29.09. 19:30 28°57.2' 15°03 .2' 3577 XBT 
XBT03 29.09. 20:20 29°00.0' 15°03 .0' 3573 XBT 
XBT04 29.09. 20 :30 29°01.0 ' 15°03.0' 3572 XBT 
XBT05 29.09. 20:40 29°02.0' 15°03.0' 3570 XBT 
XBT06 29.09. 20:49 29°03.0 ' 15°02.7' 3570 XBT 
XBT07 29.09. 20:59 29°040' 15°02.7' 3570 XBT 
XBT08 29.09. 21:08 29°05.0' W02.7' 3570 XBT 
XBT09 29.09. 21: 16 29°06.4 ' 15°02.9 ' 3570 XBT 
XBTIO 29.09. 21 :24 29°07.2' 15°02.9' 3572 XBT 
XBTII 29.09. 21 :3 1 29°08.0' 15°02 .8' 3567 XBT 
XBTI2 29.09. 21 :39 29°09.0 ' 15°02 .8' 3562 XBT 
XBTI3 29.09. 21 :48 29° 10.0' 15°02 .9' 3556 XBT 
XBTI4 29.09. 22:01 29°11.5 ' 15°02.8' 3560 XBT 
XBT15 29.09. 22: 15 29° 13.0 ' 15°02.8' 3563 XBT 
XBT I6 29.09. 22:29 29° 14.5' 15°02.9' 356 1 XBT 
XBTI7 29.09. 22:42 29° 160 ' 15°02 .9' 3559 XBT 
XBTI8 29.09. 22:55 29° 17.5' W02.9' 3561 XBT 
XBTI9 29.09. 23:07 29° 18.8' 15°02.8' 3565 XBT 
793 30.09. 4:30 28°27.5' 14°47.3 ' 3024 CTD/Rosette/ADCP 
(3000 m) 
794 30.09. 10:05 27°580' 14°47. 1 ' 165 CTD/Rosette/ADCP 
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STATlON DATE TlWf POSITlON DEPTH lNSTRUMENTS 
l<'w .~!p J·Nl . 6J"W] [mI 
795 30.09. 12: 15 27°58.3 ' 15°05. 1 ' 14 14 CTD/Rosene/AD
J 796 30.09. 16:28 27°32. 1 ' 14°48.8 ' 25 16 CTD/Rosene/AD 19:48 27°31.7' 14°48.8' 2520 CTD/Rosene/AD 
( 100 m) 
797 30.09. 21:35 27°323 ' 15°04 . 1' 2624 CTD/Rosette/ AD 
798 1.1 0. 1:20 27°32.3' 15°20.5 ' 2452 CTD/Rose tle/AD 
799 1.1 0. 5: 15 27°32.1 ' 15°37.5 ' 2262 CTD/Rose tte/AD 
800 1.1 0. 9: 15 27°33A' 15°53.6' 2028 CTD/Rosette/AD 
80 1 1.1 0. 12:32 27°40A ' 16° IOA 3357 CTD/Rosette/AD 
(3000111) 
802 1.1 0. 17: 10 27°46. 1' 16°24.7' 330 1 CTD/Roset1 e/ADcj 
(3000 m) 
803 1.1 0. 2 1: 10 27°50.0' 16°4 LO ' ???" 
----' CTD/Rosene/AD 
804 2. 10. 0 :20 27°52.7' W28.4 ' 2341 CTD/Rosette/AD 
805 2. 10. 3:55 27°56.0 ' 16° 13 .8 ' 2530 CTD/Roset1e/ AD 
806 2. 10. 8:20 27°58.9 ' 15°59.2 ' 709 CTD/Rose tte/AD 
807 2.10. 10: 15 28°05.6' 15°54.4 ' 715 CTD/Rosette/AD 
808 2. 10. 12:05 28° 11.8 ' 15°59.2' 2772 CTD/Roset1 e/AD 
809 2. 10. 15:40 28° 18.7' 16°05.0 ' 2273 CTD/Roset1 e/A DC 
8 10 2. 10. 18:55 28°24 .8 ' 16° 11.3 ' 1746 CT D/Rosette/ A O 
8 11 2. 10. 22:55 28°27.5' 15°50.2' 34 19 CTD/Roset1e 
8 12 3. 10. 3:45 28°27A ' 15°27. 1 ' 343 1 CrD/Rosene 
8 13 3. 10. 9:20 28°27.0' 15°04 .3' 3377 CTD/Rosette 
(2000 m) 
8 14 3. 10. 19:55 29°20.3' 15°2 1.3' 3600 rccover sediment lit 
XBT20 4 . 10. 0:0 1 29°07.0 ' 14°46. 1 . 3535 XBT 
XBT21 4. 10. 0: 19 29°07 .0' 14°48 .0' 3545 XBT 
XBT22 4. 10. 0:35 29°07.0 ' 14°50. 1 ' 3553 XBT 
XBT23 4. 10. 0:52 29°07. 1 ' 14°52 .0' 3557 XBT 
XBT24 4. 10. 1 :08 29°07 .0' 14°54.2' 3558 XBr 
XBT25 4. 10. 1:24 29°07 .0' 14°56.0' 3558 XBr 
XBr26 4. 10. 1:42 29°07 . 1 ' 14°58.0' 3563 XBr 
XBT27 4.10. 2:00 29°07 . 1 ' 15°00.0' 3568 XBT 
XBT28 4. 10. 2: 18 29°07. 1' 15°02 .0' 3570 XBr 
XBT29 4. lO. 2:34 29°07.0 ' W05 .0' 3572 XBr 
XBT30 4. 10. 2:5 1 29°07.0 ' 15°07.0' 3576 XBr 
XBT31 4. 10. 3:06 29°07. 1' 15°09.0 ' 3580 XBT 
XBT32 4. 10. 3:22 29°07.0 ' 15° 1 LO' 3585 XBT 
XBT33 4. 10. 3:4 1 29°07.0' 15° 13 .3' 3588 XBT 
XBT34 4. 10. 3:55 29°07.0' 15° 15.0' 359 1 XBT 
XBT35 4. 10. 4 : 12 29°07.0' 15° 17.0' 3594 XBr 
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STATION DATE TIME POSlTION DEPTIl INSTRU~[ENTS 
. <p [~ffi ~l"WI {mI 
8 15 4. 10. 5: 15 29°06.5' 15°27.7' 3606 Rose lle (30 m) 
4. 10. 6:05 29°065' 15°27 .1' 3606 CTD/Roselle 
4. 10. 9:14 29°07.6' 15°26.9' 3606 deploy sediment tnp 
8 16 4. 10. 11:40 29°07.7' W48 .0' 3625 CTD/Rosette 
8 17 4.10. 17:27 29°07.3' 16° 13.6 ' 3652 CTD/Rose tte 
8 18 4. 10. 22:50 29°07.0' 16°37.0' 3703 CTD/Rosette 
8 19 5. 10. 3:40 29°07.2' 16°58.7' 3852 CTD/Rosette 
820 5. 10. 9:30 29°07. 1 ' 17°23.2' 3868 CTD/Rosene 
82 1 5. 10. 14:40 29°07.3 ' 17°46.5' 3462 CTD/Rose lle 
822 5. 10. 21:25 28°44 .9 ' 1 J022 .9' 3372 CTD/Rosette ( 140 m) 
22 : 16 28°44.4' 17°22 .9' 3385 CTD/Rosene 
823 6. )0. 3:25 28°45.0 ' 16°59.9 ' 3425 CTD/Rosette 
824 6. )0 9:00 28°451 ' 16°37.3' 306 1 CTD/Rosette 
825 6. 10. 13:30 28°45 .0' 16° 14.6' 294 1 CTD/Rosette 
826 6.10. 18: 15 28°453 ' W50 .6' 3572 CTD/Rosette 
827 6. 10. 23 : 15 28°45.3 ' 15°26.5' 3586 CTD/Rosetle 
828 7. 10. 4:35 28°45 .3 ' 15°03.2' 3572 CTD/Rosette 
829 7. 10. 13:25 29°11.9' 15°3 1.1 ' 36 11 recover sediment trap 
13:52 29° 12.0' W30.7' 36 13 bongo nel (200 m) 
14:30 29°12.2' 15°30.8' 3613 CTD/Rose tte (200 m) 
15:10 29°12.2' W30 .9' 36 13 CTD/Rosette (200 m) 
830 7. 10. 18:34 29°08 .0' 15°00.2' 3554 CTD/Rosette 
D. uPoseidon" cruise 202 report 
On Ihe 22.09. 1994, during the FS "Poseidon" cruise 202, a current meter 
mooring was deployed at 29° 10.09'N and 15°40.25'W al a depth of 3620m. The 
mooring was equipped with 7 rotor currenl meters at 270, 500, 800, 1200, 1600. 
2500, and 3500m. Additionaly an upward looking ADCP was depl oyed al 200m 
depth . 
The infonnation about the sedirnent traps rnooring is surnmarized in Figure 
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Acoustic Doppler Current Profiler 
Antarctic Intennediate Water 
Arctic Monitoring and Assessment Programme 
Advanced Vel)' High Resolution Radiometer 
Alfred Wegener Institut fur Polarforschung, Bremerhaven 
Buque Hospital/ Hospital Ship 
Ministry of Science and Technology 
Buque Oceanográfico/ Research Vessel 
Biological Oxygen Demand 
Conductivity Temperature Depth instrument 
Coasta! Zone Colour Scanner 
European Cooperation for Accredited Laboratories 
European Space Agency 
European Station for Time-series in the Canaly Islands 
Estación de Series Temporales Oceánicas de Canarias 
Forschungsschiff/ Research Vessel 
Global Area Coverage 
Glass Microfibre Filter Type C 
Glass Microfibre Filter Type F 
Global Positioning System 
Helsinki Commission 
High Speed Cathodic Stripping Voltameuy 
Intemational Association for the Physical Sciences of the 
Ocean 
Instituto Canario de Ciencias Marinas 
Intemational Council for the Exploration of the Sea 
Instituto Español de Oceanografia 
Institut fur Meereskunde Kie! 
Joint Global Ocean Flux Study 
Laboratory Perfonnance Studies 
Mediterranean Polllltion Monitoring and Research Program 
Meditem"anean Water 
North Atlantic Cenu>al Water 
National Oceanic and Atmospheric Administration 
Oslo and Paris Cornmissions 
Neutrally bouyant acoustically tracked float 
South Atlantic Central Water 
Sea-Viewing Wide Field-of-View Sensor 
Scottish Agriculture, Environment and Fisheries Department 
UniversiHit Bremen Geowissenschaften 
Practica! Salinity Units 
Universidad de Las Palmas de Gran Canaria 
World Ocean Circulalion Experiment 
Expandable Bathythennograph 
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Figure Al. Locatian oflhe two sections sampled wilh XBT. 
Figure A2. Section of XBT, North of ESTOC, April 1994. 
Figure A3. Section ofXBT, Soulh ofESTOC, May 1994. 
Figures A4 lo A 11. Temporal variation wilh deplh of Ihe different parameters 
(temperature, salinity, sigma-I, oxygen, nitrile+nitrate, phosphate, chlorophyll "a" 
and silicate) measured monthly at Ihe ESTOC station. 
Figure 8 l . Design of Ihe particle flux mooring moored at Ihe ESTOC station; CI 
1-4 refer to the mooring intervals outlined in Table 4. 
Figure 82. Design and array of Ihe surface-Ielhered partide trap used during 
"Poseidon" 202. 
Figure CI. Map showing Ihe stations of"Poseidon" 202l1C. 
Figure DI. Current meter mooring deployed at 29° 1O.09'N, 15°40.25'W. 
Figures D2 to D15. Variation wilh depth of Ihe differenl phisieal parameters 
(temperature, salinity, LADCP, fluorometer and X8T) measured at Ihe stations 
sampled in "Poseidon" 202 eruise. 
Figures Dl6 to D35. Variation wilh deplh oflhe differenl eheroieal parameters 
(oxygen, nitrite+nitrate, phosphate, silieate and ehlorophyll "a") measured at Ihe 
stations sampled in "Poseidon" 202 cmise. 
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Relación de Figuras en los Apéndices 
Figura A 1. Posición de las dos secciones muestreadas con XBT. 
Figura A2. Sección de XBT, a! Norte de ESTOC, Abril 1994. 
Figura A3. Sección de XBT, a! Sur del ESTOC, Mayo 1994. 
Figuras A4 a AII. Variación tempora! con profundidad de los diferentes 
parámetros (temperatura, salinidad, sigma-t, oxígeno, nitrito+nitrato, fosfato, 
clorofila "a" y silicato) medidos mensualmente en la estación ESTOC. 
Figura B 1. Diseño del fondeo de flujo de partículas anclado en la estación 
ESTOC; CI 1-4 representan los intervalos del fondeo mostrados en la Tabla 4. 
Figura B2. Diseño y conjunto de la trampa de partículas unida a superficie usada 
durante el "Poseidon" 202. 
Figura e l. Mapa que representa las estaciones muestreadas durante "Poseidon" 
202. 
Figura DI. Fondeo de correnlÍmetros desplegado a 29' 10.09' N, 15' 40.25 'W. 
Figuras D2 a D15. Variación en profundidad de los diferentes parámetros fisicos 
(temperatuta, salinidad, LADCP, flurómetro y XBT) medidos en las estaciones 
muestreadas durante la campaña "Poseidon" 202. 
Figuras DI6 a D35 . Variación en profundidad de los diferentes parámetros 
químicos (oxígeno, nitrito+nitrato, fosfato, silicato y clorofila "a") medidos en las 
estaciones muestreadas durante la campaña "Poseidon" 202. 
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En la primera página irá el tituJo dellnfonne (en negrita y mayúscuJa) y el(1os) nombre(s) del (los) autor(es) 
(en negrita, minúscula el nombre y versalita el apellido); su(s) dirección(es), institución, dirección, ciudad, país (en 
mayú5cuJa), la fecha de envío y la referencia del Infonne a pie de página en negrita, mayúscula y cursiva 
El RES~ Y SUMI\1ARY irán solos, con los tituJos centrados (en español e inglés) y sin nwneración. Fl 
ÍNDICE va sin numerar y contendrá los tituJos de los ~os y subapartados con la página donde comienzan. La 
nwneración comenzará en la página 4 con la IN1RODUroÓ'l. Los tituJos de los apartados irán centrados, en negrita 
y mayúscula. Se comenzará a escribir dejando Wl3 tabulación. En los puntos y aparte se dejará un espacio y entre 
apartados se dejarán dos espacios. Fntre un título y el texto se dejará un espacio. Los subapartados se nwnerarán 
siguiendo su orden corres¡x>ndiente. Se mecanografiarán en mayúscula, negrita y sin tabulación. 
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científico, el autor y el año entre paréntesis (pesqueria artesanal de la vieja Sparisoma cretense (linnacus, 1758). Los 
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y el año de publicación, separados JXlr una coma (GoNzÁLEZ y l...OZANO, 1992). 
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